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ABSTRACT

Since the July 1, 1995, OPR which reported implantation of passive iridium and silicon
microprobes into the cat cortex, a total of 62 passive iridium microelectrodes were implanted into
cat cortex for periods of 2 and 24 hours, and 1 month. Implantation parameters included manual
and stereotaxic (slow vs. rapid) approaches, pressure foot (with or without localized cooling of the
cortex) and pentobarbital anesthesia with or without hypocapnia. In addition, microelectrode tip
configurations consisted of beveled tips and 1, 3 and 6 ym diameter rounded tips. The results
showed no advantage of any tip configuration in obviating hemorrhage and, in fact, 34 of the 35
short duration implants (2 and 24 hours) sustained hemorrhages. In a significant number of
implants, the smaller diameter tips produced some of the largest hemorrhages. Cavitations and
vascular changes were never found. One month after implantation, gliosis and connective tissue
sheaths were invariably present. Vascular hypertrophy and hyperplasia were commonly found and
several implant sites contained wide areas of scarring, suggesting that these were the sites of earlier
hemorrhages. Cavitations were present at only one implant site one month after electrode

implantation.

INTRODUCTION

Ideally, intracortical microelectrodes should easily penetrate the pia and the underlying
parenchyma in as atraumatic manner as possible. During insertion, they should inflict minimum
damage to the parenchymal microcirculation by excessive stretching or shearing forces. This report
describes a continuation of our QPR #2, in which we evaluate the extent of trauma exerted by single
microelectrodes having one of 4 tip configurations. The microelectrodes were inserted either
manually with a forceps or at various speeds using stereotaxic apparatus. We also evaluated the
effects of hypothermia, hypoxia and different anesthetics for the induction of cortical vasoconstriction
directed at decreasing the cross-sectional area of vasculature encountered by the microelectrodes.

The incidence and extent of microhemorrhages, connective tissue scarring, etc., around electrode

tracks were assessed in both acute (2-24 hr.) and chronic (1 month) animals.




MATERIALS AND METHODS

Fifteen young adult cats of either sex were used in this series and a total of 62 electrodes were
implanted (Tables 1 and 2). These electrodes consisted of pure iridium shafts having either facets or
tapering to a final diameter of 1, 3 or 6 pm. The parameters used in the study included: manual
(hand-held tweezers) or stereotaxic (slow vs. rapid) insertion with or without a pressure foot (in an
attempt to obviate brain movement during implantation). In some instances, near frozen saline was
added to the cavity of the pressure foot with the intent of constricting cortical blood vessels.

Preanesthesia was effected with Ketamine/Acepromazine atropine followed by induction of
anesthesia with Pentothal and maintained with Halothane, oxygen and nitrous oxide. In a few cases,
Pentobarbital was used to induce cerebral vasoconstriction. For the same reason, hypocapnia was
induced in 3 cats by increasing the respiration to about 50 to 60/min. for 11 to 40 minutes.

All iridium microelectrodes were 1.5 mm long, 50 um in diameter and coated with 2 layers
of Epoxylite. The tops of the microelectrodes were embedded in an epoxy matrix which was 2.5 mm
in diameter and 0.5 mm thick. The four types of tip conﬁgu;'ation included a faceted tip and rounded
tips with diameters of 1, 3 and 6 pm.

The skull was exposed in the parietotemporal area and craniectomies were carried out
bilaterally to expose the gyrus suprasylvius. A “U”-shaped dural flap was fashioned over the gyrus
suprasylvius and the individual electrodes implanted on the crown of the gyrus. The two electrodes
on each hemisphere were implanted in an anterior-posterior pattern, about 3 to 4 mm apart (Fig. 1).
The dura was reapproximated with continuous sutures and the area closed in layers. In the last 2
animals (131-132) the micro-electrodes were meticulously aligned with the shaft of the vacuum

holder in 2 orthogonal planes separated by a 90° using a filar ocular inserted into the surgical

microscope. Such alignment assures against slashing movement of the electrode during insertion




TABLE 1

2HR. IC # | # OF IMPLANTS
Manual, Pentobarbital 127 2
Manual, Pentobarbital, Hypocapnia 127 3
24 HR.
Manual, Pentobarbital, Hypocapnia 128 4
129 4
Manual, Pressure Foot With Cooling 125 4
126 4
Stereotaxic, Slow Pressure Foot Room Temp. 123 4
Stereotaxic, Rapid, No Pressure Foot 118 4
119 4
Stereotaxic, Rapid, Pressure Foot with Coolini 124 2
1 MO.
Manual 131 2
Stereotaxic, Slow 132 4
Stereotaxic, Rapid 120 3 (1 lost)
121 4
122 4
131 2
132 4
Stereotaxic, Rapid, Hypocapnia 130 4




sjiydonnan = ‘osinaN
uoiesu| fenuely = W

pides ‘0p@}0asalS = US AydonyedAH - ydospedAy
MOJS ‘OIXeJ08J3)S = SS eiseydiedA - ‘seydiedAy
PONIeW = +++ jencieqojued = ‘ojad ejudesodAH = ‘decodAH
S)eIOPON = ++ BuIl0od YIM ‘3004 aInssald = Odd slwolyssediH = ‘wolydIedAH
s =+ Buyjooo ou ‘Y004 ainssald = 4d uofieyae) = Ae)
‘desodAH
4 N e N N ‘180d "1 vz ‘ojudd W pajoey | 621
ays Ajue ‘deocodAH
++e N ‘oRnaN punoze abeyLoway N Wy vz ‘oped W wig | 624
‘1s0d *desodAH
P N ‘onneN N N ™ ¥Z "opad W wig | 621
ays Anue - ‘deocodAH
e N ~ ‘oqneN punose abeyuowsH N WY »z ‘ojuad N wiy | ezy
: ays Aiue | aunsofo jeinp Buunp “decodAH
4+ N ‘onneN punoze aBeyuowaH paAoil s8ponosy3 | 1sod M ¥Z “oped W pejpoey | g2
oei) paINIsqoO ays Ajua | ainsoio [einp Buunp *decodAH
P PeRRISNIG0 ‘onneN punose abeyuowsH pasow seponoal3 | Uy M ¥Z ‘oued W wig ! gZi
ays Ayua | ainsofo fesnp Buunp ‘1s0d "deoodAH
ot N ‘onnaN punose aBeyLowsH |  parow s8posoel3 W vz "oued W wig | 821
xujew | ainsoo jeinp Buunp "decodAy
e N ‘onneN | Jo abpa je eBeyuoway paaows seponosiy |y vT ‘owed N wrdy | szI
yosedAy paInIsqO -desodAH
+ uanuniys yoriy N N 180d 1 c ‘ojuRd W peowoey | /21
“ayosedAH yeys uo (¢) ebeyuowe ‘deocodAH
+++ uauUNIYS + ewepy | oys Anue je sbeyLiowen N uy z "oped ] wig | 21
*JyosadAH
e uanuNIYS + "onneN N N WY N z ‘ojued W wig | 221
ewepy R
+H+ N ‘ogneN | sus Anjue je eBeyuowsH N ™ z ‘opiad W wiy | 221
HHOW3H | SNOMN3AN *OSIN (suH) Nolryasm | oid
{SNOILYAN3SEO) (SNOILYAN3SE0) NOIL | NolLv¥na 40 -NOD
AD0TOLSH ASdoLny AYIOUNS “vo01 LNV IdiNt *OSIN GQOHL3aN diL #0l

ve 318Vl




100} ainssaid Aq pajelrqo
10U UOISINIXD Lelg “JApioy
4 1©l4 ++ ‘ONN3N + N 8pO0.}03|a Jo a5e3|ai-UON vZ 4d ‘S Wy 7 | pejded €zl
"100} ainssaid Aq pajeinqo
10U UOISINOX? welg “J3pioy
44 1Bl +++ ‘oNneN 8p01}99|3 0} '}sod "Lioway jeoRo) 29p01}o3|9 JO aSea|dl-UON 74 4d 'S ‘150d wig | €24
100} ainssaid Aq pajeirqo
Yeys uo () ‘LowaH | 10U UOISINOXS Ujeig “1epioy
+++ 1eid ++ "onnaN XUBW PUNOLR "LiolWoH 2po1103|e Jo ased|at-UON ¥z 3d ‘s Y Y wig | €21
A yeys uo (¢) ‘uowd 100} ainssaid AqQ pajeirqo ‘1s0d
P ®ld +4+ —_— Y|IjEU Y3eaudq pue punose *LIoWdH 10U UojsINOX@ ulelg ¥z id's ™ wdy } €z1
Anue yeys uo () “uoway Buumns
++ el + 12 "onneN ays Anue je “LoweH Bupnp “Liowsy fenQ ¥z 4d ‘W Wy | pewoey | 9ZL
ays aponoejd
0} 1et "Loway "ws "3ys Aue punose rInp jo Buunins
T el ++ "uoway WS "lyeys uo (L) “uowaH Buunp "Lioway [eJUOD ¥z id ‘W wy 1 | pewoey | SZI
*yosedAq Buunins
++ 984+ ——— ays aposjoele o) [ejpaw abeyrowah Bupnp “uowey jeing ¥z Ad'W 180d 1 wig | ozi
s einp jo Buunins
4 jeld + e Anus 9po1oie 0} [elpall "LIoWaY jlews Bupnp ‘Loway [e0D ¥Z 4d ‘W ‘180d wig | <ZI
yoes) punose
++ ©ld ++ ‘OnneN ++ 8)is A1jud 3pOIIOBfS PUNOIR “LIWBH N 1A 4d ‘W Y N wig | ozt
oys Aus yeys uo () abeyuowsH
++4 el + ye "osneN oyis Anua punore afeyiiowey jrews N ¥T 4d ‘W WY W wig | szi
a)is A3jua apo1}08}d puUnoIe pue aposoeid 180d
e Rl +++ —_— 0} [elpauy “Liolay [einpans rews N ¥T 3d ‘W ™ wiy | ozt
yeys
*yoredAH uo (1) Way "Xujew Japun pue punoJe ‘180d
++ 2l + Lioway [eInpans ‘sis Ajue punose weH | uojuaesy) jo juiod je "LoweH ¥Z 4d ‘N ™ wiy | sz
HUOWIH | SNOUNIAN *OSIN (suH) NOLLMISNI ‘Old
(SNOILVAY3SHO) (SNOILYANISEO) NOiLYVYENG 40 NOIL | -NOD
ADOTOLSH Asdolinv A¥3aouNs ANVIdWI QOHLAW “¥o01 diL #9

g¢ 31avl




L

payo0) J004 3INSSdld = Did
Buijoos ON ‘1004 ainssaid = d4d

|eNgJeqojudd = '0dd

sjiydosnaN = "oJjnaN
AydoapadAy = "ospadAy
eisejdiadAy = ‘sejdsadAy
oHuoIya1adAY = “1yssadAl

PRI = +++

rjudesodAy = "desodAy
WbuS =+

2)RIBPOY = ++

UONENALD = “AVO
bRy LIOWsH = "LIOWIY
(aasars 3 uoysid) uofuasu| JXeI0a10S prder = US

uojIIsu| jenueiy =

330)
++e wid + XUjews J8pun “LIOWaH ¥OIN letd $Z s ‘1sod "1 | peywoed | 611
‘onneN s :
+++ N ewap3 | Anus punose "LowsH %OIN [eid ¥Z us ‘wy 1 | pewoed | 611
“yosedAp ays
44 UDUNIYS +++ ewop3 | Anua punoie "LOWdH N vz O4d ‘MS '180d 1 wig | #Z1
-t N -oneN N N ¥z ¥s ‘180d W wig | 611
1507 1801 15017 N N ¥z s WY N wig | 614
"IosedAy B oys Aenuew pajeidwod
0 UUNIYS +++ ewop3d | Anue punose ‘uowsH | @jejdwioou) UojIasY| Jjxe}00.01S ¥z 04d ‘¥S Wy 1 wig | #2Zi
yoen oys
+ ®d+ | u-onneN | Anue punose "LoweH N ¥Z ¥s ‘180d "1 wig | g1}
“yosedA noen
+4+ g4+ | ulonnaN N N (44 s Wy ) wig | gt
*LHOWRH ays
44 N uj-onnsN | Anua punose “LowsH N vZ ¥S 1804 N wiy | glL
*LOWweH
++ jeld ++ | Ut ‘onnaN N N ¥Z s WY N wiy | el
UYHOWIH SNOYNAN *OSIN {SuH) NOLLY3ISNI ‘Old
{SNOILYANISEO) (SNOLLYANZSHO) NOILVHNG 40 NOIL | -NOD
ADO0TOLSH Asdoinvy AH3IOUNS ANV IdiI QOHLIW “vo01 dii #0

(*LNO9) gz 31avl




Aenuew pajsidwod
oy 0 ++ 0 14 + | sabeydosapis N ‘payasun yn) 0N Yuow | —_ ¥s 150d wide | zzl
05Z-004 0 + 0 N —_ N tuow | — s Wy wig | zzI
1807 1801 1807 1807 1807 1801 1907 107 1807 | 1807 1801 WY ) wig | ozl
(uwenow ¢)
or-0¢ opedAH + | ++ yoessesu + | jeid+ -— N | N yiuow | — ¥s | 1sed M wig | o2t
‘seydiadAH++ jerd ("ydwA7) ‘}sod
S0l ‘onpadAy + + 0 +++ | Jno -oseaped | N Yjuow § — ¥s ™ wrdy | 1€l
sl ‘onedi ++ | ++ 0 ®d+ — N N yyuow 1 —_ s A wig | i€l
Arenuew pajeidwioo ‘1sod
051-05 onpedAH ++ | 4+ ] ®d + — N ‘payiesuy Ainj N yow | — us N wiy | zz1
Ajjenuew pajpidwod
0S1-0S ‘ospedAH ++ ++ 0 Wi+ — N ‘papasu) Ainj N Yuows | — s YN wiy | zzb
yeys jo pua (EISIp 80d
Sl) ‘onpadAH ++ | ++4+ 0 ®d+ — 0} asaupe onss|L woj ’ing Yuow | - S g wdi | ozy
054 0 ++ 0 N — N woj eing yiuow 4 — us WY N wdy | oz)
0Z-8 ‘seydiadh++ ++ 0 ®d + —_ N N Yiow | — 4] uy | pejeoed | LEL
Bupesiq
062 "seydiodAH++ + 0 1.+ — N s|qesepisuoD Yuow | — W ‘190d " wig | 1€1
(wl)
SSIANMOIHL | “JITOud SIS SNOY
HLVIHS ‘OSVA -0 HHOW3H | -naN *OSIW (HLNOW L) NOLLY3ASNI *Old
(‘Ax3S80) (‘Au3s90) NOLLVNNG 40 NOiL | -NOD
ADOTOLSH ASdoLNy A¥39uNs INVIdWI | "OSIN |  QOHIaW “v201 diL #01
oz 3avl




dn . 1o pajind .
St 0 ++ 0 4+ | Jesuseog Apuaysapeul aponos)|3 N thuow | - s ‘papy 1 | woed | zel
1o pajind einp jo
AR ‘ospedAY + ++ 0 1l ++ - Apuepaapeuy aposjoeiq | Buunins Buunp paso yuow § | — s w1 | wig | zel
(roydwAr)
Bung
018 0 ++ 0 jeld+ | oseAusd N N yuow | — S Wy | wie | zel
(1epioy
©l4 dn WINNORA JO 85e8|dJ 180d
ol ‘ospodAH ++ 4+ 0 +++ | Jeau leog N ~uou) suopesjeuad Z yuow | — s o owl ] ozer
dp Jano anssi)
888410100 ‘N0 pajind Buumns Buunp ‘}1sod
Si-5 0 + 0 ed + — Apueysape sponos|3 | Buipasiq aiqesepisuod Ypow | — s ™| wie | oel
. yeys Buumns Buunp
(epis 1) uo wyy umoig ‘1o pajind Buipasiq siqesepts ‘des
SZ1-Gi 0 ++ 0 el + - Awepaapeu) sponosil -uo9) "suoijesaued ¢ yuow § | -odAH ¥s wyy | wiiy | o6t
yeys
Uuo Wiy ysiumolg "\no
0e-sZ 0 ++ (] N - paijind Apeu| aposoa|3 N Yows | - ¥s wy | woed | ol
no
G4-01 0 +++ 0 el + —_ paiind *Apeu; 8po1o8|3 N thuow | — s 0d 1| wrig | oel
ajBue Je uopeseued ‘180d
06 ‘ospadAH +++ ++ 0 N - N pessaideQ "sjweH I Yiow | — s | woed | 1L
oL 0 ++ 0 N — N passaideq ‘sjweH 1 Yuow | - s Yy N | woed | 12
‘dospadAY ++ yeys
Se-0l ‘sejdsodAH ++ . 0 N — | eponosje uo ‘way pio ¢ N gow| | — us wod 1| wig | 128
001 0 + 0 ol + — | eBeyuowsy [einp pews suonenausd 7 qwuow | | — us wy ) wig ] o1zk
(wrl)
MOIHL *4n0¥d SNOY
HLV3HS "*OSVA SISOIO | "“HYOW3H N3N ‘OSIN (HLNOW 1) NOILMISNI Old
(SNOILYAY3ASEO) (SNOLLYAY3SEO) NoOlLYYENa 40 NOLL | -NOD
ADOTOLSHH Asdoiny AY3UNS INVIdWI | "OSIN QOHLINW voo1 ] dil | #O1

(*INO9D) 9Z 318Vl

R



RESULTS

Because of the large variety of parameters used, it was considered easier to correlate the surgical,

autopsy and histologic findings by combining them for each category of parameters.

L

Two-hour implant duration. Stereotaxic frame-mounted axial introductor (SMAI). Slow
insertion. Pentobarbital anesthesia with normocapnia or hypocapnia was used. A single
animal (IC-127) in this category received implants of 4 different types. The 1 and 3 ym
electrodes were inserted during pentobarbital anesthesia and normocapnia while the 6 pm and
faceted electrodes were inserted using the same anesthesia but during hypocapnia. At
autopsy, a small hemorrhage was present at 2 electrode entry sites (1 and 6 pm diameter tips).
A brownish substance (presumably blood) was present on the shaft of the 6 um electrode.
Histological examination revealed hemorrhages up to 960 pm in greater dimension
adjacent to all tracks. Shrunken, hyperchromic neurons near the track were present near all
but the 1 pm electrode track. Due to the short duration of the implantation, vascular changes
(hyperplasia or hypertrophy), cavitation or gliosis were not present.

Twenty-four hour implant duration. A total of 30 electrodes were implanted in 8 cats.

The variables employed included the use of a pressure foot with manual or SMAI (slow or
rapid) penetration, manual insertion with a combination of pentobarbital anaesthesia and
induced hypocapnia, and finally, rapid stereotaxic insertion without a pressure foot. The short
duration of the implants precluded the development of vascular changes (hyperplasia or
hypertrophy), cavitation or gliosis. For technical reasons, the track of 1 of the 27 implant
sites (IC-118, 6 um tip)was not recovered.

A. Manual insertion. No pressure foot (2 cats, 4 implants each, IC-128.129).

Pentobarbital anesthesia and hypocapnia were used. One cat (IC-128) showed visible
movement of the implanted electrodes during reapproximation and suturing of the
dural flap over the operative site. At autopsy, 2 electrode sites in each animal showed
a small hemorrhage encircling the electrode entry site. Histological examination
showed that all electrode tracks were associated with hemorrhages. The sizes of the

hemorrhages were not correlated with the size or shape of the electrode tip. The

largest hemorrhages were 1 mm or larger in greater dimension and present at various
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depths along the track (Fig. 2). Neutrophils were commonly present in the

leptomeninges near the track and within the hemorrhagic areas. Neurons near every

track appeared normal.

B.

C.

Manual insertion. Pressure foot with cooling (2 cats, 4 implants each, IC-
125,126). At surgery, the pressure foot failed to obviate cortical movement

at the implant sites. Dural hemorrhage occurred at two operative sites on
each animal during reapproximation and suturing. One additional site showed
a hemorrhage at the point of electrode insertion (IC-125, 1 pm tip). At
autopsy, 5 of the 8 electrode implant areas showed a hemorrhage around the
entry site. These showed no obvious pattern relative to the type of electrode
tip. Microscopic examination showed that neurons near all tracks were
mechanically flattened (Fig. 3) but appeared hyperchromic at only 2 sites.
Paradoxically, the latter were present along one larger (6 pm tip) and the
smallest (1 pm) electrode sites. Hemorrhage was present at all sites, and
some of the smaller hemorrhages (200 to 300 pm) were present at track with
the larger tips (6 um and faceted) while a 3 pm tipped electrode caused a
1,500 pm long (IC-125, 3 um tip) hemorrhage. Thus, no consistent pattern
of hemorrhages was associated with a particular tip configuration.

SMAL slow penetration. Uncooled pressure foot (1 cat, 4 implants, 1C-123).
As mentioned above, the pressor foot did not prevent movement of the brain
relative to the electrodes. The brain movement was due to the cardiac
pulsations. At autopsy, 3 of the 4 sites showed cortical hemorrhage around
or beneath the matrix, and the 1 and 3 um electrodes showed a thin, brownish
film adherent to the electrode shaft. Probably, this was a layer of blood from
a ruptured blood vessel during implantation. The histological examination
showed numerous neutrophils infiltrating the leptomeninges near the track and
dispersed within hemorrhagic areas. Hemorrhages were prominent along all
4 tracks and reached as much as 550 pym in length. Again, there was no
pattern of hemorrhage (relative to electrode tip configuration) observed at

11



surgery, autopsy or in the histology sections. Neurons near all 4 tracks were
mechanically flattened but were not hyperchromic, and appeared otherwise
normal.

SMAI, rapid penetration. No pressure foot. (2 cats, 4 implants each,

IC-118.119). For technical reasons, one (3 pm tip) electrode track was lost

to the study. Aside from a pial nick at 2 of 8 sites, surgery was unremarkable.
At autopsy, hemorrhage was present around 3 electrode entry sites (faceted
tip and 1 pm and 3 um conical tips). Another faceted electrode sites showed
a cortical surface hemorrhage encircling the electrode matrix. Histologically,
neurons near the tracks appeared normal near 3 tracks while at the other sites,
they were mechanically flattened with shrunken, hyperchromic profiles at two
of these sites. Hemorrhage was present at all tracks and ranged in size as
follows: 1 pum tips: 270-650pum; 3 pm tips: 150 to 1,000 pm; 6 pum tips: 900
um; faceted tips: 500-550 pym. It was obvious that the smaller diameter tips
did not confer immunity from hemorrhages and, in fact, produced some of the
largest hemorrhages (Fig. 4).

SMAL rapid insertion. Pressure foot and cooling (One cat, two implants, IC-
124). At surgery, one 6 um electrode and another with a 3 pm diameter tip

were used. The latter was not completely inserted with the stereotaxic device
and consequently was pushed in manually. At autopsy, a small hemorrhage
was present around both electrode entry sites. The histologic examination
showed an edematous zone around both tracks and numerous neurons near
the track were shrunken and hyperchromic. Only one of the tracks (6 pm
electrode) was associated with a hemorrhage and this was 450 um in size.
Morphometry. In one animal, IC 112, we used our global lab image analysis
technique (QPR3) to quantitate the vascular density of the cortex (McCreery
et.al, 1996).

12




L

One month implant duration.

A

Manual insertion (1 cat, 2 implants, IC-131). At surgery, considerable

bleeding occurred at the posterior electrode, probably due to improper
electrode alignment. The autopsy findings were unremarkable. The
histological studies showed a mild to moderate gliosis around the track and
a few nearby neurons were mechanically flattened. Moderate hyperplasia was
present near both tracks. The sheath surrounding the tracks varied from 20
to 70 um in thickness.

SMALI, slow penetration (IC-132, 4 sites). At surgery, the failure of the

vacuum holder to release the electrode necessitated 2 penetrations at 1 site.
During suturing of the dura, 1 electrode was contacted but not dislodged. At
autopsy, 2 electrodes were pulled out prematurely due to adherence of the
dura to the electrode matrices. Histological examination revealed
perivascular cuffing around a ves;sel near the 3 pm electrode site and a
rounded scar near the tips of the 1 pum and faceted electrodes. Neurons near
all tracks were mechanically flattened. Moderate gliosis accompanied all
tracks and 2 tracks were accompanied by moderate vascular hypertrophy.
With one exception, sheath thickness was about 10 to 15 um. Hemorrhage
and cavitations were not present.

SMALI, rapid penetration (4 cats, 17 implants. IC-120,121,122.131,132. One
track lost to the study.). At surgery, two electrodes were not fully inserted

by the stereotaxic device and necessitated manual assistance. In one instance,

it was necessary to make two penetrations to effect complete implantation.
One hemisphere was found depressed and an electrode was inserted into this
hemisphere at an angle (IC-121).

At autopsy, one electrode (IC-120, 1 um tip) showed tissue adherent
to the tip. Two shafts (IC-121, 6 um tip and IC-130, faceted tip) were
covered with a film of unidentified brownish tissue, possibly blood.

13



Histological examination revealed neuronal flattening near 7 of the 9
tracks having tips of 1 and 3 pm diameter (Fig. 5). Conversely, only 2 of 6
tracks with 6 pm or faceted tips showed mechanical distortion of neurons.
Despite the distortion, the neurons were not hyperchromic or shrunken.
Moderate numbers of glial cells were present around most tracks. In a few
other instances, the gliosis was either slight or marked. There was no clear
cut pattern of glial cell proliferation relative to tip configuration. The same
was true for vascular hyperplasia and hypertrophy. About 50% of the tracks
of electrodes with 1 and 3 um tips showed the vascular phenomenon. Of the
6 um and faceted tip implants, one of three sites in each category showed the
change.

The sheath thickness around the tracks in this group ranged from 15
to 250 um and averaged 90 um. The only hemorrhage in this entire series
was present along the track in IC- 1.20 (3 um tip) and appeared to be a fresh
hemorrhage extending from a depth of 750 to 1,500 um. In a few instances,
connective tissue scars near the tip (Figs. 5 and 6) or higher up along the track
undoubtedly represent sites of earlier hemorrhage and
subsequent resolution as a scar, devoid of neurons or other neural elements.
SMALI, rapid injection, hypocapnia (1 cat, 2 implants, 1C-130). Due to
malfunction of the stereotaxic device the 1 pm tipped electrode required 3
penetrations. At autopsy, this same electrode was covered by a thin, brownish
film of tissue, probably blood. The 3 um tipped electrode retained a fragment
of colorless tissue on the tip. The histologic examination showed
flattening of neurons accompanying the 1 pm electrode but those near the 3
pm electrode track appeared normal. Mild to moderate gliosis accompanied
the tracks. The sheath around the tracks varied from 15 to 125 pm in
thickness.

GFAP staining for astrocytes. In some instances, comparison pairs of

micrographs (Figs. 7A&7B and 8A&8B) were taken in which the micrographs
14




in 7A and 8A are routinely stained sections (H&E or Nissl) and their adjacent
sections (B) are stained for GFAP (glial fibrillary acidic protein). Both resting
and activated astrocytes were specifically stained. In a few instances,

F. Morphometry. The vascular density of the cerebral cortex of IC-112 was
363/mm?2. From this and the volume of the microelectrode it was
calculated that the number of vessels encountered by the microelectrode

inserted to a depth of 1.5mm was 27 (Table 3)

TABLE 3 -
MORPHOMETRY OF IMPLANT SURROUND
Vascular density 363/mm?
Total space occupied by blood vessels 2%

Range of vessel diameters (Not corrected for shrinkage)  3- 35 mm
Vessels Encountered by a 50 mm diameter electrode

inserted to a depth of 1.5 mm 27
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SUMMARY

Two- and 24-hour implant durations. With respect to electrode tip configuration
and hemorrhages, none of the 4 tip types obviated rupture of cortical blood vessels.
In fact, of the 35 implants, only one, a 3 pm diameter tipped electrode, was
successfully implanted without hemorrhage. A number of the smallest tipped
electrodes produced some of the largest hemorrhages and vice versa. Cavitations,
vascular changes (hyperplasia and hypertrophy) were absent. Gliosis was never
present.

With the exception of 1 of 8 sites where massive bleeding obliterated nearby
neurons, all of the remaining 7 sites, where the electrodes were implanted manually,
showed undistorted, normal-appearing neurons. All other methods of implantation
resulted in significant neuronal flattening. As early as 2 hours after implantation,
neutrophilic infiltration into the hemorrhagic areas and leptomeninges was a common
finding. By 24 hours, the phenomenon was almost universally present

In the 3 instances of edema adjacent to the tracks in the 2- and 24-hour

implants, it is significant that 2 of these occurred in the same animal (IC-124) in which
both a pressure foot and cooling of the cortex were used. Further, the presence of
shrunken neurons near these same implants supports the concept that the marked
cooling of the cortex with nearly frozen saline slush was damaging.
One month implant duration. With a single exception of fresh hemorrhage along
the track, hemorrhages were not present. Areas of connective tissue and gliosis
adjacent to the tracks undoubtedly represent sites of earlier hemorrhage with
subsequent resolution in the form of scarred areas. Twelve of the 19 tracks were
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accompanied by mechanically flattened neurons. This was surprising in view of the
relatively long implant period during which time the neurons would have been
expected to resume their normally rounded shape.

Aside from a single instance of unexplained perivascular cuffing by
lymphocytes near the track, there was no evidence of inflammation. Cavitation was
not present. Gliosis was universally present along the track and around the tip.
Along 10 of the 19 tracks, vascular hyperplasia and/or hypertrophy were prominent,
a phenomenon consistently seen in previous series. The sheath lining the track
averaged 90 pm in thickness.

The GFAP stain allowed distinct visualization of astrocytes, both resting and
activated. As commonly understood and demonstrated here, resting astrocytes and
their processes are components richly represented on the underside of the pial
membrane. The GFAP stain clearly shows the proportion and distribution of the
sheath represented by activated astrocytes as compared to the remaining, connective
tissue, component.

DISCUSSION
The present data substantiate and extend our recent observations (QPR 1 and 2) that

acute intracortical electrode implantation is accompanied by microhemorrhages at all depths

along the track. The evaluation of the effect of anesthetics and agents of vasoconstriction,

added in this study, also failed to decrease the incidence of hemorrhages. The use of glial
fibrillary acid protein (GFAP) stain has been initiated in this study and will be employed

selectively in future studies. This stain is specific for fibrillary proteins in activated astrocytes

and enables clear distinction between glial and connective tissue elements around electrode

tracks. Gliosis is a clear indicator of the extent of neural damage.

At 24 hours, the hemorrhagic sites appeared as lakes of extravasated RBC’s mixed

with neutrophils. These sites were frequently seen to have an asymmetric distribution to one
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side of the electrode track probably indicative of release of blood under pressure subsequent
to the rupture of small arteries. In general, the connective tissue and glial scarring observed
at 1 month paralleled the distribution of the hemorrhagic sites seen in the acute (24 hr.)
implant sites. Of particular relevance to this study is the fact that large portions of the
neuropil (up to 0.2-0.3 mm?) are obliterated in the acute stage and the void replaced by non-
neural tissue after 1 month (connective tissue and glial cells). Of the average of 27 blood
vessels encountered by a 1.5 mm microelectrode 50 pm in diameter (Table 3) one or more
vessels in virtually every case are either disrupted or penetrated resulting in the histologic
findings of this report.

It is encouraging that in the one month implants, numerous viable-appearing neurons
were present less than S0um of the electrode tip. In addition, in previous studies in which
similar electrodes were pulsed, activating thresholds as low as 8uA were obtained (Agnew
et.al, 1986). An interesting parallel to this report is described by histologic studies of the
cerebral cortex of mice following stab wounds with a 26 gauge needle (Wallace and Bisland,
1994). The brains were examined at 1-63 days and stained with NADPH-diaphorése which
revealed many microhemorrhages along the needle tracks particularly at the shorter implant
periods. The ischemic damage produced by dividing arterioles produced rims of reactive
astrocytes containing NADPH-diaphorase that surrounded the lesion within one day of the
stab wound.

Conclusions from both this and two previous reports (QPR’s 1 and 2) are that the
incidence of microhemorrhages is unaffected by tip configuration, speed of insertion or
cerebral vasoconstriction during electrode insertion. In addition, implantations in this study
were performed by two surgeons. Still to be evaluated are the use of microelectrodes with
thinner shafts, (37 rather than 50 pm in diameter), the use of blunt microelectrodes (15um
diameter tips) and study of the role of suturing the dura in the trauma observed (dura will be

unsutured in a few acute experiments).
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WORK NEXT QUARTER

This study will be extended to include a series of implants using more blunt 15 pm-tip
micro-electrodes. We will also evaluate the role suturing the dura in the production of
electrode movement and subsequent scarring around the microelectrodes without suturing the

dura in acute experiments.
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Fig.1 (IC-118). Autopsy view of two electrodes in situ on

the crown of the left gyrus suprasylvius. Each electrode has
a 3um diameter tip. The matrix for each electrode is
composed of epoxy, 0.5 mm thick. The suture attached to
each matrix facilitates handling at surgery.
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Fig. 3(IC-126). Faceted tip, manual insertion; pressure foot
and cortical cooling. Implant duration 24 hours. Nissl-
stained section showing the electrode tip site (T) at a depth
of 1,300um. Tissue along each side of the track has been
destroyed by hemorrhage (delimited by arrow heads). Note
the marked mechanical flattening of several neurons
(arrows) below and to the right of the tip area. Bar=150um.
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Fig. 4 (IC-118). 1um tip. Stereotaxic approach, rapid insertion.
Implant duration 24 hours. Nissl-stained section through the mid-
portion of the obliquely sectioned track. Note the considerable
bleeding at both the top and bottom segments of the track. The lower
hemorrhage (arrows) extends 1,700m away from the track and has
obliterated all neural elements in the area. The upper hemorrhage has
also destroyed much tissue. Numerous neutrophils have invaded the
hemorrhage adjacent to the upper part of the track. Bar=500um
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1,500um. Moderate hypertrophy accompanies the

stained
track (left side of micrograph). A scar (*) is present to

Fig. 5 (IC-120). 1umtip. Stereotaxic approach, rapid
section showing the tip (T) of the track at a dept
one side of the tip. Note the numerous mechanically
compressed, but apparently viable, neurons (arrows)
alongside and below the tip site. Bar=150um.

penetration. Implant duration 1 month. Nissl-



Fig. 6 (IC-121). Faceted tip. Stereotaxic approach,

onth. Nissl-stained

rapid injection. Implant duration 1 m

section showing the tip site (T) at a

depth of 1,400um.

Numerous neurons on each side of the tip site and below

it are mechanically flattened. Just above the tip site a scar

track. Several glial cells

(asterisks) surroundsthe

f the scar.

(dark profiles) closely skirt the edges o

Bar=150um.




Fig. 7 Control cortex. A. Coronal section stained only with H&E. B. Section
immediately adjacent to that shown in A and stained with H&E and GFAP, a
filament-specific stain for astrocytes. Note the numerous branched astrocytes
(arrows) concentrated below the pia. The underside of the pia (glia limitans) is
know to constitute the terminus for many glial fibers and small astrocytes, hence
the darkly stained, thickened appearance of the pia here. Astrocytic foot
processes are known to abut against blood vessels and the phenomenon is clearly
shown here. V=blood vessel. Bar=150um.
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Fig. 8 (IC-121). Faceted tip. Stereotaxic approach, rapid penetration. Implant duration 1 month. Cerebral

Note the unstained area (*) below the track is composed of compact connective tissue w.

and below the track (T). B. Adjacent section stained only for GFAP
skirted by dark staining gliotic-scarring (arrows). Bars=150um.

cortex showing scarring around electrode track (T). A. Nissl-




